ABSTRACT. To examine the expression and clinical significance of plasma 3-nitrotyrosine (3-NT) and oxidized low-density lipoprotein (ox-LDL) levels in patients with Alzheimer's disease (AD), we examined 48 AD patients and 37 healthy control subjects. The Mini-Mental State Examination, Activities of Daily Living Scale, and Hachinski Ischemic Scale were examined in all subjects. AD patients were classified using the Global Deterioration Scale. The concentrations of plasma 3-NT and ox-LDL were detected using an enzyme-linked immunosorbent assay. We found that the plasma 3-NT concentration in the AD group (119.46 ± 21.82 nM) was significantly higher than that in the control group (55.09 ± 9.63 nM) (P < 0.05). Spearman analysis showed that plasma 3-NT level was negatively associated with the Mini-Mental State Examination results of AD patients. Plasma ox-LDL level in the AD group (112.25 ± 17.81 mg/L) was significantly higher than that in the control group (47.46 ± 10.04 mg/L) (P < 0.05). Spearman analysis showed that plasma ox-LDL level was positively correlated with AD severity in AD patients. However, plasma 3-NT level in the AD group was not associated with plasma ox-LDL level. Therefore, plasma 3-NT
INTRODUCTION
Alzheimer' disease (AD) is a common central nervous system degenerative disease with an increasing incidence and has become the third largest serious disease influencing human life after cardiovascular diseases and cancer (Brunden et al., 2009) . Studies have shown that vascular risk factors and inflammatory factors are extensively involved in AD and other neurodegenerative diseases (Fitzpatrick et al., 2004) ; oxidative stress and nitration stress have also been closely related to the incidence of dementia (Perry et al., 2002a) . The products of oxidative stress and nitrification stress, such as nitric oxide and 3-nitrotyrosine (3-NT), are observed in AD, and they are considered as a mediator of cellular damage and sign of apoptosis (Brenman and Bredt, 1997) , which may be one of the important mechanisms for AD. In addition, neuron degeneration and the synaptic release of cholesterol increased in AD; lipid-containing proteins are more sensitive to oxidative stress and neurotoxicity, forming stable oxidized low-density lipoprotein (ox-LDL) (Kankaanpää et al., 2009) . Serum ox-LDL has been suggested as possible candidates that can be used as biomarkers for monitoring the inflammatory process in AD (Sun et al., 2003) . In this study, we examined plasma 3-NT and ox-LDL levels in AD patients and their role in the process of AD.
MATERIAL AND METHODS

Subjects and methods
Forty-eight patients were randomly selected for this study (AD group) among patients who received treatment at the Neurology Department of Suzhou Hospital affiliated with Nanjing Medical University from January 2011 to March 2011; 23 cases were males and 25 were females. Their ages ranged from 57 to 84 years, with an average age of 69.32 ± 5.53 years. Level of education included 10 cases of illiteracy (20.8%), 16 cases with primary school education (33.3%), 14 cases with secondary school or vocational secondary school education (29.2%), and 8 cases of college and above education (19.7%). Courses of disease ranged from 14 months to 10 years, with an average of 4.12 + 1.32 years.
In addition, 37 healthy subjects were included as a control group (NC group), among which 19 were males (51.4%) and 18 were females (48.6%). Their ages ranged from 55 to 86 years, with an average age of 71.06 ± 5.87 years. Level of education included 8 cases of illiteracy (20.9%), 11 cases with primary school-level education (30.0%), 11 cases with secondary school or vocational secondary school education (30.0%), and 7 cases with college and abovelevel education (19.1%). Mini-Mental State Examination (MMSE) scores were >24 points. None of the control group subjects had a history of mental illness or family history of mental illness. They were healthy and had passed a recent medical examination.
The present study was performed with approval from the Ethics Committee of the Suzhou Hospital Affiliated to Nanjing Medical University and complied with the Declaration of Helsinki. Informed consent was obtained from all candidate subjects.
Inclusion criteria
AD was diagnosed according to the criteria described in the Diagnostic Statistical Manual of Mental Disorders of the American Psychiatric Association, also known as the DSM-IV-R diagnostic criteria (Wang and Chen, 2011) . 1) Cognitive dysfunction: A. memory impairment (including near and distant memory impairment); B. cognitive impairment with at least 1 of the following situations: aphasia, apraxia, agnosia, abstract thinking, and judgment damage. 2) The above 2 cognitive dysfunctions significantly interfere with occupational and social activities or have significantly decreased over time.
3) The 2 dysfunctions do not occur during the course of delirium. 4) The 2 dysfunctions were not the result of other mental or emotional disorders. No patients had focal positive signs after complete neurological examination.
The criteria for inclusion into the NC group were as follows: 1) MMSE score was normal (>24 points). 2) The gender, age, education level, blood, and other related biological indices matched the healthy physical examination. The characteristics of the 2 groups are shown in Table 1 .
Neuropsychological scale measurement
For the MMSE (Folstein et al., 1975) , intellectual deficiency was selected for the 2 groups based on the educational level from illiterate, primary, secondary, and university; MMSE scores of ≤17, 20, 22, and 23 were used as inclusion criteria for AD diagnosis, respectively.
The Activities of Daily Living (ADL) scale (Desai et al., 2004 ) comprises 20 items that are used as a supplement to assess disease severity. Score criteria were divided into 4 levels: 1 point refers to "can do it by yourself"; 2 points refers to "have some difficulties"; 3 points refers to "need some help"; 4 points refers to "cannot do it".
The Hachinski Ischemic Scale (HIS) (Moroney et al., 1997) comprises 20 items that are used to identify AD and vascular dementia. The higher the score, the more support for vascular dementia: ≥7 points support a vascular dementia diagnosis; ≤4 points support AD diagnosis.
The Global Deterioration Scale (GDS) is used to classify the degree of dementia (Auer and Reisberg, 1997) . GDS scores of 3-4 points refer to the "minor group", 5 points refer to the "medium group", and 6-7 points refer to the "serious group".
Blood sample collection
For blood sample collection, 2 mL fasting venous blood was collected; after heparin anticoagulation and 10 min 1000 g centrifugation, the plasma was separated from whole blood and preserved at -80°C.
Measurement of plasma 3-NT and ox-LDL
An enzyme-linked immunosorbent assay (ELISA) kit for 3-NT (Adlitteram Diagnostic Laboratories, San Diego, CA, USA) and an anti-human ox-LDL ELISA kit (Adlitteram Diagnostic Laboratories) were used to measure plasma 3-NT and ox-LDL concentrations.
After diluting the samples 1:5, we added 50 mL sample to each well of a multi-well plate; the plate was covered and shaken gently for culturing at 37°C for 30 min. Each well was filled with 0.05%TWEEN-20 PBS, washed 5 times, and patted dry. Next, 50 mL enzyme standard reagent was added to each well except the NC group followed by culturing at 37°C for 30 min. The plate was washed 5 times and patted dry; 50 mL color-developing agent A was added to each well according to the kit instructions, and then 50 mL color-developing agent B was added and the plate was gently shaken. The plate was incubated in the dark for the chromogenic reaction at 37°C for 15 min, after which stop buffer was added to end the chromogenic reaction. The optical density value was read within 15 min. A regression curve and regression equations for plasma 3-NT and ox-LDL were determined based on the absorbance value, which were used to calculate the concentrations of plasma 3-NT and ox-LDL.
3-NT was detected at 3-240 nM; ox-LDL was detected at 10-200 mg/L. Blood glucose, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, 3 acyl glycerins, total protein, albumin, and other basic biochemical indicators in the AD and NC groups were detected by the clinical laboratory of our hospital (Table 1) .
Statistical analysis
The SPSS 13.0 statistical software was used for statistical analysis (SPSS, Inc., Chicago, IL, USA). Measurement data are reported as means ± SD. Count data were compared using the c 2 test; other clinical characteristics and indicators were compared using the Student t-test. Pearson correlation analysis was used in the analysis. P < 0.05 was considered to be significant.
RESULTS
Characteristics of the 2 groups
As shown in Table 1 , there were no significant differences between the 2 groups regarding gender, age, education level, and other biological indices (all P > 0.05). 11.2 ± 1.9 9.9 ± 1.5 0.302 0.235 Table 1 . Demographic and clinical characteristics of normal controls (NC) and Alzheimer's disease (AD) patients.
Data are reported as means ± SD, except for smoking habit. HDL and LDL = high-and low-density lipoprotein; ALT and AST = alanine and aspartate transaminase; LDH = lactate dehydrogenase; TSH = thyroid-stimulating hormone.
MMSE, ADL, HIS, and GDS scores
As shown in Table 2 , compared with the AD group, MMSE and ADL scores for the NC group were statistically different (average P = 0.000). HIS and GDS scores were used only for AD diagnosis and to evaluate the AD severity. Based on GDS scores, patients in the AD group could be divided into 3 subgroups: minor level (11 cases), medium level (20 cases), and serious level (17 cases). 
Plasma 3-NT and ox-LDL level
Measurements of plasma 3-NT and ox-LDL levels in the 2 groups are shown in Table  3 . The Student t-test showed that plasma 3-NT and ox-LDL levels in the AD group were higher than those in the NC group (P < 0.05).
Data are reported as means ± SD. 3-NT = 3-nitrotyrosine; ox-LDL = oxidized low-density lipoprotein. 
Comparison of plasma 3-NT and ox-LDL levels in AD patients with varying severity and rank correlation analysis
Plasma 3-NT and ox-LDL levels in the 3 subgroups of the AD and NC groups are shown in Table 4 . Analysis of variance revealed that plasma 3-NT and ox-LDL levels in the 3 subgroups of the AD and NC groups were significantly different; further multiple analysis (Student-Newman-Keuls method) showed that plasma 3-NT and ox-LDL levels in the 3 subgroups of the AD group were significantly higher than those of the NC group. The analysis of plasma NT and ox-LDL levels among AD patients with different severities of disease showed that both levels increased with aggravation of the illness; the difference was significantly different (P < 0.05). The NC group and patients in the AD group were divided into 4 levels, setting the NC level as 0 and minor AD as level 1; medium AD was level 2 and serious AD was level 3. Spearman analysis showed that plasma 3-NT and ox-LDL levels were positively correlated with AD severity, presented as an increased degree of dementia and increased levels of plasma 3-NT and ox-LDL (Table 5) .
Linear correlation analysis of plasma 3-NT and ox-LDL levels and AD MMSE scores
The MMSE score of the minor subgroup was 17.2 ± 5.8, medium subgroup was 13.3 ± 5.6, and serious subgroup was 11.4 ± 6.2. Spearman analysis showed that plasma 3-NT and ox-LDL levels were negatively correlated with MMSE scores (P < 0.05); with decreasing MMSE scores, plasma 3-NT and ox-LDL levels increased, as shown in Table 6 . Table 4 . Comparisons of serum 3-NT and ox-LDL levels with different degrees of Alzheimer's disease (AD).
Data are reported as means ± SD. *P < 0.05, NC vs AD. 3-NT = 3-nitrotyrosine; ox-LDL = oxidized low-density lipoprotein.
Linear correlation analysis of plasma 3-NT and ox-LDL levels
Pearson analysis showed that plasma 3-NT and ox-LDL levels in the AD group were not correlated (Table 7) . Table 7 . Linear correlation analysis of serum 3-NT and ox-LDL in the Alzheimer's disease group. 
DISCUSSION
In the present study, we found that plasma 3-NT concentrations in AD patients were negatively correlated with MMSE score. These results indicate that plasma 3-NT 3-NT = 3-nitrotyrosine; ox-LDL = oxidized low-density lipoprotein. Table 6 . Spearman correlation analysis of serum 3-NT, ox-LDL, and MMSE (48 cases).
Correlation coefficient (r) P value 3-NT -0.731 0.000 ox-LDL -0.749 0.000 3-NT = 3-nitrotyrosine; ox-LDL = oxidized low-density lipoprotein.
concentration reflects the degree of cognitive impairment in AD patients. Sinem et al. (2010) found that plasma levels of nitric oxide were positively correlated with 3-NT levels. Thus, we hypothesized the following regarding the mechanism of AD. First, AD pathogenesis may be closely related with oxidative stress. When the body is influenced by infection, disease, or the environment, the oxidation level of the body exceeds antioxidant levels, and large amounts of highly active molecules such as reactive nitrogen species and reactive oxygen species can begin to accumulate. A previous study showed that oxidative stress markers for lipid peroxidation were found in the cortex and hippocampus of AD patients (Perry et al., 2002b) . However, high concentrations of nitric oxide are involved in the neurotoxicity of b-amyloid (Ab), leading to AD (Lüth et al., 2001; Sultana et al., 2009) . Second, previous studies have clearly observed lesions of the medial temporal lobe structures in AD patients, including the hippocampus, amygdala, and parahippocampal gyrus. However, the efficiency of glucose metabolism in these locations is very high, increasing the demand for oxygen. When oxidative phosphorylation occurs in the mitochondria, large amounts of oxygen free radicals and nitrogen radicals are produced (Jagust, 2006) . Because various risk factors can lead to brain damage, heavier damage can lead to decreased cognitive function and increased nitric oxide and 3-NT.
It is generally considered that cholesterol content in the brain can alter amyloid precursor protein and Ab expression and is involved in the morbidity of AD (Wahrle et al., 2002) . This study revealed that the plasma ox-LDL level in AD patients was significantly higher than that in the control group (P < 0.05); however, ox-LDL concentrations in AD patients were negatively correlated with MMSE score. This result may be related to the transfer and increase in cholesterol in the brain; in addition, LDL is more likely to be oxidized in oxidative and nitration stress environments. Dildar et al. (2010) examined 30 AD patients, 20 vascular dementia patients, and 15 patients with normal cognitive function, and found that plasma ox-LDL level in AD patients was significantly higher than that in the control group. Zafrilla et al. (2006) found that plasma ox-LDL level in AD patients showed minimal changes, while serious AD showed no clear change. Sinem et al. (2010) results also supported this finding.
In this study, we found that the plasma 3-NT level in AD patients was not correlated with ox-LDL level; however, the mechanism, which may be associated with 2 different mechanisms involved in AD onset, requires further analysis. Dildar et al. (2010) also found that plasma ox-LDL was not related to plasma 3-NT level in AD patients. In contrast, Sinem et al. (2010) found that plasma ox-LDL in AD patients was positively related to plasma 3-NT level, which may be because ox-LDL can increase oxidation activity, promote the proliferation of astrocyte cells, microglia cells, and inflammatory cytokines, which in turn exacerbate oxidative stress and stress-related nitration (Keller et al., 1999 (Keller et al., , 2000 Hsiai et al., 2007) .
In summary, plasma 3-NT and ox-LDL play an important role in oxidative stress and nitration stress. As important causes of AD pathogenesis, 3-NT and ox-LDL are closely related to AD severity. Plasma 3-NT and ox-LDL are very useful in the diagnosis of AD.
